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BP-15 = British Petroleum fuel (sulfur content is 13ppm.); EGR = Exhaust Gas Recirculation; NOx emissions were 
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CBD ART COM CBD ART COM
New Flyer 60-ft Diesel
Hybrid (0305)






































































CBD ART COM CBD ART COM CBD ART COM
New Flyer 40-ft Diesel
(0406)










* Error bars represent range of values. 
 





























CBD ART COM CBD ART COM
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Section I: Basic Fleet Information 
    
Number of Routes 8 Routes 
Number of Buses 50 Buses 
Inflation Index 3% None 
Operator Rate 50 $/hr 
Maintenance Technician Rate 50 $/hr 
Base Year 2007 None 
Current Year 2010 None 
Projection Life 12 Years 
Bus Useful Life 12 Years 
Number of Bus Types 5 Types 
Heat Load 5 None 
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Set of Effects   Importance Level to User   
Reduce Well-to-Wheels GHG Emissions F ========= 
Reduce Vehicle-Related Capital Cost 3
Reduce Other Capital Cost 3
Reduce Operation Cost 43 ========== 
Reduce Infrastructure Cost 3
Reduce Staff Training Cost 3
Reduce Well-to-Tank GHG 3
Reduce Tank-to-Wheels GHG (Tailpipe) Emissions 3
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Fuel Cell - 
Hydrogen 2007-2010 1 40-ft 2 3 10 1 
BusD 
Diesel Hybrid-
Electric Post 2010 4 60-ft 1 3 0 5 
BusC 
Diesel Hybrid-
Electric Pre-2007 10 60-ft 7 0 0 0 
BusB 
Conventional 
Diesel Pre-2007 10 30-ft 5 0 0 0 
BusA 
Conventional 
Diesel Pre-2007 25 40-ft 10 0 0 0 






n RR Sched 
# of Driver 
Trainee 
# of Mech 
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15.2                 
47.0 19.5 Bus Stop End Stop 1-1 Stop 1-2 ….. Stop 1-13 Stop 1-14 Stop 1-15 
15.2 miles IIIIIIIIIIIIIII Distance mile 1.8 3.0 ….. 15.0 15.2   
47 mins IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Depart Time minute 2.0 7.0 ….. 45.0 47.0   
19.5 mph IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Ave Speed mph 54.0 14.4 ….. 13.9 4.6   
83220.0 228.0 Trips/Day Trip 15           
8.5         
40.0 12.8 Bus Stop End Stop 1-1 Stop 1-2 
8.5 miles IIIIIIII Distance mile 8.5   
40 mins IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Depart Time minute 40.0   
 12.8 mph IIIIIIIIIIIIIIIIIIIIIIIII Ave Speed mph 12.8   
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Route ID Distance Trip Time Trips/Day Ave Spd Daily Dist. Annul Dist. AC Load Heat Load 
Unit Miles Minute Trips MPH Miles Miles     
Route 1 15.2 47.0 15.0 19.5 228.0 83220.0 5.0 5.0 
Route 2 9.0 55.0 42.0 9.9 378.0 137970.0 5.0 5.0 
Route 3 7.2 42.0 16.0 10.3 115.2 42048.0 5.0 5.0 
Route 4 19.0 47.0 15.0 24.3 285.0 104025.0 5.0 5.0 
Route 5 19.8 47.0 15.0 25.3 297.0 108405.0 5.0 5.0 
Route 6 8.6 55.2 10.0 9.4 86.0 31390.0 5.0 5.0 
Route 7 12.9 18.0 20.0 43.0 258.0 94170.0 5.0 5.0 











BusE BusD BusC BusB BusA 
Bus Length 40-ft 60-ft 60-ft 30-ft 40-ft 
Bus Amt 1 4 10 10 25 
Route 1 0 0 0 4 2 
Route 2 0 0 5 0 2 
Route 3 0 2 3 0 3 
Route 4 0 2 0 0 2 
AA

Route 5 0 0 0 0 7 
Route 6 0 0 0 6 2 
Route 7 0 0 2 0 4 
Route 8 1 0 0 0 3 

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Randomly Create First 
Generation Population
(A Group of Individuals)
Generation N
Evaluation of performance 
index for each individual
Genetic alteration
New population
Mutation – choose new 
buses to replace buses for 
new purchases
Crossover – swap buses 























Variables     Units 
Number of Individuals ;33 Dispatches 
Number of Generations 233 Generations 
Crossover Rate ;3D None 
Mutation Rate 3+3;D None 
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(2) Q WJ?J2Jfi Q Q n 
• • • Dad Mom Dad 
I I I 
It)..- "'t N ....._CIO <D M 0') 
(3) 
It)..- "'t N ....._CIO <D M 0'> 
(4) iiULQ JlJlQ Q Q Q 
• • • • Mom Dad Mom Dad 
I I I I 
It)..- "'t N <DCIO ....._ M 0'> 
(5) 
• • • Mom Dad Mom 
I I I 
• • Mom Dad 
I I 
It)..- "'t N <DO'>....._ M CIO 
(6) 
• • • Mom Dad Mom 
I I I 
• • • Mom Dad Mom 
I I I 
• Mom - Mother Dispatch 
• Dad- Father Dispatch 
(1) Offspring dispatch 1 has the same bus 
sequence with father dispatch. An Arabic 
number is associated to a bus number 
(2) A chain of digits 0 or 1 was created in 
random order before crossover. Digits 0 and 
1 had equal chance to be created . Total 
number of 0 and 1 equals to the number of 
buses. 
Crossover starts from left to right. If digit 1 
is found, no change to Sibling dispatch 1. In 
this case, the first bus is still Bus 2. 
If digit 0 is found, its bus switched to the 
bus number in mother dispatch. As shown in 
(2), the second bus number becomes bus 
number 1. Now offspring dispatch 1 had two 
Bus 1. So an internal crossover was made. 
Offspring dispatch 1's original bus number 
was bus number 8. Instead of simply 
changing Bus 8 to Bus 1, Bus 8 and Bus 1 swap 
with each other in offspring dispatch 1. As 
shown in (2), the second gene swap with bus 
number 1 which used to at the sixth spot. 
The digit 1 is found for the third bus 
location, no change was made. 
(3) Digit 0 was found for the fourth location, 
the internal crossover was made between 
fourth and first one. 
(4) The fifth and sixth location did not change 
because of the digit 1. 
(5) Again the Internal crossover was made 
between the fifth and seventh locations. No 
change was made to the eighth one. 
(6) Internal crossover is made between sixth 
and ninth. 
* In the end of crossover, the offspring 
dispatch 1 has four bus locations same to the 
mother dispatch and two gene order same to 
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Variables     Units Variables     Units 
Number of Individuals 2A3 Individuals Start from Previous Stop 3 None 
Number of Generations 4333 Generations Restart from 4 None 
Crossover Rate A3D None 
Mutation Rate 3+4D None 
Number of Buses Replaced 3 Buses  
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Section XI: Opt imized Current Year Fleet Cost and Emissions Performance 
Generation Current Flet: 
Well-to-Wheels GHG C02-Ton/Yr 20 74 
Well-to-Tank GHG C02-Ton r 479 
Tank-to-Wheels GHG C02-Ton/Yr 1595 
Veh icle-Related Cap ita l Cost /Yr 
Other Capita l Cost $/Yr 
Operation Cost $/Yr 
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